Introduction
============

With developments in technology and the expansion of treatment options and modalities, the field of clinical care guidelines is constantly evolving. Although clinical care guidelines are only recommendations, the decision to follow a specific set of guidelines by a health-care provider should be based on the local context of need, availability and affordability, especially in low- and middle-income countries.[@R1] The availability of different guidelines, with inconsistencies in recommendations of when medical treatment should be initiated, can cause friction between health-care provider and patient.[@R2]^,^[@R3]

Blood pressure measurement is one of the most common non-invasive clinical practice tools used to assess the cardiovascular status of an individual and predict the likelihood of future cardiovascular events. An individual's blood pressure can change quickly and regularly, and is influenced by respiration, temperature, bladder distension, pain levels, emotion, diet, time since last exercise and whether alcohol has recently been consumed.[@R4] A simple method of obtaining an accurate blood pressure measurement is to take repeated readings over multiple visits. Compared with diagnoses of hypertension based on a single measurement of blood pressure, studies have demonstrated as much as 12% reduction in the prevalence of hypertension if repeated readings over multiple visits are considered.[@R5]^,^[@R6] By considering multiple readings, up to 35% of patients were reclassified within a lower category of blood pressure.[@R5]^,^[@R6] However, even after obtaining a more accurate blood pressure measurement, clinical care guidelines differ with respect to the precise blood pressure at which a patient is diagnosed as hypertensive and begins treatment.[@R7]^--^[@R12] This lack of uniformity between the various available guidelines diminishes the value of measuring blood pressure.

Over the past 25 years, the availability of health-care services have increased in India, and the country has adopted a universal health coverage programme.[@R13] Although the availability of health-care services has risen, the quality of treatment received from different health-care providers is not consistent.[@R1]^,^[@R14]^--^[@R16] The causes of this inconsistency in quality across India include variations in clinical practice, poor diagnostic facilities, a lack of expertise, unnecessary use of medicines (e.g. antibiotics, analgesics and steroids) and substandard treatment.[@R1] India is currently experiencing an increase in the prevalence of noncommunicable diseases, such as hypertension and diabetes, and the accompanying premature mortality.[@R17]^--^[@R21] Inconsistent guidelines introduce uncertainty in the accuracy of hypertension diagnoses and increase the likelihood of poor health outcomes.[@R22] Poor health-care literacy, high self-medication rate, poor blood pressure control and inconsistent hypertension management guidelines intensify the problem in India.[@R23]

Here we have analysed the impact of inconsistent practices on the calculated prevalence of hypertension. We have focused on the particular blood pressure measurements at which hypertension is diagnosed and whether a single reading or the recommended number of readings was taken, for six different hypertension guidelines.

Methods
=======

Data source
-----------

We used data from the most recent large-scale health survey, the Fourth National Family Health Survey,[@R24] conducted over 2015 to 2016 in India. The Fourth National Family Health Survey was conducted over all 640 districts of India (according to Census of India 2011 listing),[@R25] and included men aged 15 to 54 years and women aged 15 to 49 years. For consistency in our study, we included participants aged 18 to 49 years. Households within each district were selected to participate in the survey by two-stage cluster random sampling, stratified by rural versus urban areas. Primary sampling units, selected using probability proportional to population size, were defined as villages in rural areas and census enumeration blocks in urban areas. After sitting calmly for 5 minutes, the blood pressure of participants was measured three times, with at least 5 minutes between each measurement, in the left upper arm using the Omron HEM-8712 monitor. All blood pressure measurements were recorded in millimetres of mercury (mm Hg).

Hypertension guidelines
-----------------------

The six different guidelines that we used in this study for the calculation of hypertension prevalence are published by the European Society of Cardiology,[@R7] the Government of India,[@R8] the American College of Cardiology/American Heart Association,[@R9] the National Institute for Health and Clinical Excellence/British and Irish Hypertension Society,[@R10] the Eighth Joint National Committee[@R11] and the International Society of Hypertension.[@R12] The latter two guidelines are identical in terms of diagnosis of raised blood pressure. All six guidelines are used in India for the diagnosis and treatment of hypertension; although the exact proportion of health-care providers across India that adhere to any particular guideline is not known, the proportion of health-care providers adhering to specific guidelines was investigated within a single private hospital[@R26] and among attendees of a cardiology conference.[@R27]

The number of readings taken, the number of visits required by the patient and the blood pressure at which hypertension is diagnosed (and pharmacological antihypertensive treatment initiated) for each of these six guidelines are listed in [Table 1](#T1){ref-type="table"}. Although all the listed guidelines recommend the measurement of blood pressure from at least two or three readings, it is general practice in India to take only a single blood pressure reading.[@R28] A patient is defined as having raised blood pressure if their blood pressure is categorized as Stage 1 or Grade 1 hypertension or higher according to the different guidelines in [Table 1](#T1){ref-type="table"}. A patient is defined as hypertensive if they have raised blood pressure, have confirmed at the time of the survey that they were taking prescribed medicine to control blood pressure, or if they had previously received at least two diagnoses of raised blood pressure or hypertension.

###### Guidelines for definition of raised blood pressure used in comparison study, India

  No. of readings by guideline                                                                             Reading considered             Hypertension diagnosis                    Blood pressure category^a^      Blood pressure (mm Hg)   
  -------------------------------------------------------------------------------------------------------- ------------------------------ ----------------------------------------- ---------------------------- -- ------------------------ -------
  **European Society of Cardiology/European Society of Hypertension**[@R7]                                                                                                                                                                   
  At least three (if different by ≥ 10 mm Hg, at least four)                                               Average of last two readings   Other than Grade 3, two visits required   Optimal^b^                      \< 120                   \< 80
  Normal                                                                                                                                  120 to 129                                80 to 84                                                 
  High normal                                                                                                                             130 to 139                                85 to 89                                                 
  **Grade 1 hypertension**                                                                                                                **140 to 159**                            **90 to 99**                                             
  Grade 2 hypertension                                                                                                                    160 to 179                                100 to 109                                               
  Grade 3 hypertension                                                                                                                    ≥ 180                                     ≥ 110                                                    
  Isolated systolic hypertension                                                                                                          ≥ 140                                     \< 90                                                    
  **Government of India**[@R8]                                                                                                                                                                                                               
  At least two (if different by ≥ 5 mm Hg, at least three)                                                 Lowest                         Other than Grade 3, two visits required   Optimal^b^                      \< 120                   \< 80
  Normal                                                                                                                                  120 to 129                                80 to 84                                                 
  High normal                                                                                                                             130 to 139                                85 to 89                                                 
  **Grade 1 hypertension**                                                                                                                **140 to 159**                            **90 to 99**                                             
  Grade 2 hypertension                                                                                                                    160 to 179                                100 to 109                                               
  Grade 3 hypertension                                                                                                                    ≥ 180                                     ≥ 110                                                    
  Isolated systolic hypertension^b^                                                                                                       ≥ 140                                     \< 90                                                    
  Hypertensive urgency                                                                                                                    \> 180                                    \> 110                                                   
  Hypertensive emergency                                                                                                                  \> 180                                    \> 110 to 120                                            
  **American College of Cardiology/American Heart Association**[@R9]                                                                                                                                                                         
  At least two                                                                                             Average                        Two visits or more                        Normal^b^                       \< 120                   \< 80
  Elevated^b^                                                                                                                             120 to 129                                \< 80                                                    
  **Stage 1 hypertension^c^**                                                                                                             **130 to 139**                            **80 to 89**                                             
  Stage 2 hypertension                                                                                                                    ≥ 140                                     ≥ 90                                                     
  **National Institute for Health and Clinical Excellence/British and Irish Hypertension Society**[@R10]                                                                                                                                     
  At least two (if readings different, at least three)                                                     Average of last two readings   Two visits or more                        Normal^b^                       \< 135                   \< 85
  **Stage 1 hypertension**                                                                                                                **≥ 135**                                 **≥ 85**                                                 
  Stage 2 hypertension                                                                                                                    ≥ 150                                     ≥ 95                                                     
  Severe hypertension                                                                                                                     ≥ 180                                     ≥ 110                                                    
  **Eighth Joint National Committee**[@R11]                                                                                                                                                                                                  
  At least two                                                                                             Average                        Two visits or more                        Normal^b^                       \< 120                   \< 80
  Prehypertension                                                                                                                         120 to 139                                80 to 89                                                 
  **Stage 1 hypertension**                                                                                                                **140 to 159**                            **90 to 99**                                             
  Stage 2 hypertension                                                                                                                    ≥ 160                                     ≥ 100                                                    
  **International Society of Hypertension**[@R12]                                                                                                                                                                                            
  At least two                                                                                             Average                        Two visits or more                        Normal^b^                       \< 120                   \< 80
  Prehypertension                                                                                                                         120 to 139                                80 to 89                                                 
  **Stage 1 hypertension**                                                                                                                **140 to 159**                            **90 to 99**                                             
  Stage 2 hypertension                                                                                                                    ≥ 160                                     ≥ 100                                                    

Hg: mercury.

^a^ Bold formatting indicates the blood pressure category at which medical treatment is initiated.

^b^ Categories for which both systolic and diastolic blood pressure measurements of less than threshold are required; patients are assigned to other categories if either of their systolic or diastolic blood pressure measurement is within the given limit.

^c^ Medical treatment initiated only if the patient has a Framingham risk score (risk of developing cardiovascular disease over the next 10 years) of ≥ 10%.

Statistical analysis
--------------------

From the sample, we excluded participants having at least one missing blood pressure measurement or having unfeasible (i.e. systolic blood pressure \< 30 mm Hg or \< diastolic blood pressure) readings. We calculated the proportion of individuals within various blood pressure categories for age groups 18 to 34, 35 to 49 and 18 to 49 years of age for all six guidelines. We applied sampling weights and adjusted confidence intervals (CIs) at the primary sampling unit level to obtain nationally representative estimates with precise CIs.

To calculate prevalence, we defined participants having hypertension if they had stage I/grade I or higher blood pressure, taking prescribed medicine to control blood pressure or being informed at least twice by the health professional that they had raised blood pressure or hypertension. We estimated the total population within each age group from Census of India 2011 age distribution data,[@R25] multiplied by World Bank Indian population estimates for the year 2017.[@R29]

We calculated the number of individuals across India within each category for each guideline by multiplying the proportion within each blood pressure category according to the Fourth National Family Health Survey by the calculated population within each age group. To confirm that the exclusion of participants did not cause significant difference in terms of age, sex and place of residence in the final data set, we performed a sensitivity analysis by comparing prevalence estimates from the clean data set with those from the full data set. We performed all analyses using Stata software, version 15.0 (StataCorp, College Station, United States of America).

Ethics
------

The Fourth National Family Health Survey obtained ethical clearance from the Ethics Committee of the International Institute for Population Sciences.[@R24] No specific permission was required for our study, as we conducted a secondary analysis of publicly available data.

Results
=======

We obtained data on 797 161 individuals from the survey. We excluded 45 691 patients with missing data and 1594 participants with unusual blood pressure measurements.[@R24] Of the 749 876 eligible participants, 651 605 (86.9%) were women and 98 271 (13.1%) were men, and 529 899 (70.7%) of individuals resided in rural areas. Our study sample comprises 439 414 (58.6%) individuals 18 to 34 years of age and 310 462 (41.4%) individuals 35 to 49 years of age. The sensitivity analysis showed that the exclusion of participants with missing or unfeasible readings did not cause a difference in the final data set.

We observe that the Government of India and the American College of Cardiology/American Heart Association guidelines consistently yield the lowest and highest prevalence of measured raised blood pressure, respectively ([Table 2](#T2){ref-type="table"}). For the combined age group, in order of increasing prevalence the weighted proportion of the population classified as having raised blood pressure is: 7.5% (95% CI: 7.4 to 7.7; Government of India guidelines); 10.1% (95% CI: 10.0 to 10.2; European Society of Cardiology/European Society of Hypertension guidelines); 13.1% (95% CI: 13.1 to 13.3; Eighth Joint National Committee and International Society of Hypertension guidelines); 19.4% (95% CI: 19.3 to 19.6; National Institute for Health and Clinical Excellence/British and Irish Hypertension Society guidelines); and 40.1% (95% CI: 39.7 to 40.7; American College of Cardiology/American Heart Association guidelines; [Table 2](#T2){ref-type="table"}). Among the group18 to 34 years of age, the Government of India and the American College of Cardiology/American Heart Association guidelines yielded proportions of the population with raised blood pressure of 3.4% (95% CI: 3.3 to 3.5) and 30.3% (95% CI: 30.2 to 30.5), respectively. Among the older age group, the lowest and highest proportions were calculated as 13.8% (95% CI: 13.7 to 14.0; Government of India guidelines) and 55.3% (95% CI: 55.2 to 55.5; American College of Cardiology/American Heart Association guidelines), respectively. Following the guidelines set by the Government of India, we estimate 48 million Indians have raised blood pressure; if the American College of Cardiology/American Heart Association guidelines are followed, this number is 253 million ([Table 3](#T3){ref-type="table"}).

###### Proportion of population with a blood pressure level according to category, guideline and reading, India, 2015--2016

  Blood pressure category by guideline                                                                     Weighted % (95% CI)^a^                                                                                              
  -------------------------------------------------------------------------------------------------------- ------------------------ --------------------- --------------------- -- --------------------- --------------------- ---------------------
  **European Society of Cardiology/European Society of Hypertension**[@R7]                                                                                                                                                     
  Optimal                                                                                                  66.0 (65.7 to 66.2)      41.5 (41.1 to 41.8)   56.4 (56.1 to 56.6)      53.3 (53.0 to 53.6)   31.4 (31.1 to 31.7)   44.7 (44.5 to 45.0)
  Normal                                                                                                   20.4 (20.1 to 20.6)      24.7 (24.5 to 25.0)   22.1 (21.9 to 22.3)      23.1 (22.9 to 23.3)   22.8 (22.5 to 23.1)   23.0 (22.8 to 23.2)
  High normal                                                                                              8.4 (8.3 to 8.6)         16.1 (15.9 to 16.4)   11.5 (11.3 to 11.6)      13.4 (13.2 to 13.6)   19.5 (19.3 to 19.8)   15.8 (15.7 to 16.0)
  Grade 1 hypertension                                                                                     3.9 (3.8 to 4.0)         11.3 (11.1 to 11.5)   6.8 (6.7 to 6.9)         7.3 (7.1 to 7.4)      16.2 (16.0 to 16.4)   10.7 (10.6 to 10.9)
  Grade 2 hypertension                                                                                     0.6 (0.6 to 0.7)         3.1 (3.0 to 3.2)      1.6 (1.6 to 1.7)         1.2 (1.2 to 1.3)      4.8 (4.6 to 4.9)      2.6 (2.6 to 2.7)
  Grade 3 hypertension                                                                                     0.1 (0.1 to 0.2)         1.2 (1.1 to 1.2)      0.5 (0.5 to 0.6)         0.4 (0.4 to 0.5)      2.0 (1.9 to 2.1)      1.0 (1.0 to 1.1)
  Isolated systolic hypertension                                                                           0.6 (0.5 to 0.6)         2.0 (2.0 to 2.1)      1.1 (1.1 to 1.2)         1.3 (1.2 to 1.3)      3.3 (3.2 to 3.4)      2.1 (2.0 to 2.1)
  **Government of India**[@R8]                                                                                                                                                                                                 
  Optimal                                                                                                  73.7 (73.4 to 73.9)      49.2 (48.8 to 49.5)   64.1 (63.8 to 64.3)      53.3 (53.0 to 53.6)   31.4 (31.1 to 31.7)   44.7 (44.5 to 45.0)
  Normal                                                                                                   17.1 (16.9 to 17.3)      23.9 (23.6 to 24.1)   19.7 (19.5 to 19.9)      23.1 (22.9 to 23.3)   22.8 (22.5 to 23.1)   23.0 (22.8 to 23.2)
  High normal                                                                                              5.8 (5.7 to 5.9)         13.1 (12.9 to 13.3)   8.7 (8.5 to 8.8)         13.4 (13.2 to 13.6)   19.5 (19.3 to 19.8)   15.8 (15.7 to 16.0)
  Grade 1 hypertension                                                                                     2.6 (2.6 to 2.7)         8.8 (8.7 to 9.0)      5.1 (5.0 to 5.2)         7.3 (7.1 to 7.4)      16.2 (16.0 to 16.4)   10.7 (10.6 to 10.9)
  Grade 2 hypertension                                                                                     0.4 (0.4 to 0.4)         2.4 (2.3 to 2.5)      1.2 (1.1 to 1.2)         1.2 (1.2 to 1.3)      4.8 (4.6 to 4.9)      2.6 (2.6 to 2.7)
  Grade 3 hypertension                                                                                     0.1 (0.1 to 0.1)         0.8 (0.8 to 0.9)      0.4 (0.4 to 0.4)         0.4 (0.4 to 0.5)      2.0 (1.9 to 2.1)      1.0 (1.0 to 1.1)
  Isolated systolic hypertension                                                                           0.3 (0.3 to 0.3)         1.8 (1.7 to 1.9)      0.9 (0.9 to 0.9)         1.3 (1.2 to 1.3)      3.3 (3.2 to 3.4)      2.1 (2.0 to 2.1)
  **American College of Cardiology/American Heart Association**[@R9]                                                                                                                                                           
  Normal                                                                                                   63.3 (63.0 to 63.6)      38.7 (38.3 to 39.0)   53.6 (53.4 to 53.9)      53.3 (53.0 to 53.6)   31.4 (31.1 to 31.7)   44.7 (44.5 to 45.0)
  Elevated                                                                                                 6.4 (6.3 to 6.5)         6.1 (5.9 to 6.2)      6.3 (6.2 to 6.4)         7.2 (7.0 to 7.3)      5.9 (5.8 to 6.1)      6.7 (6.6 to 6.8)
  Stage 1 hypertension                                                                                     24.5 (24.3 to 24.8)      36.2 (35.9 to 36.5)   29.1 (28.9 to 29.3)      29.4 (29.1 to 29.6)   36.4 (36.1 to 36.7)   32.1 (31.9 to 32.3)
  Stage 2 hypertension                                                                                     5.8 (5.7 to 5.9)         19.1 (18.8 to 19.3)   11.0 (10.9 to 11.1)      10.2 (10.0 to 10.3)   26.3 (26.0 to 26.5)   16.5 (16.3 to 16.6)
  Stage 1 with Framingham risk score of ≥ 10%^b^                                                           8.4 (8.3 to 8.6)         54.1 (53.7 to 54.4)   30.4 (30.1 to 30.6)      10.9 (10.7 to 11.1)   61.2 (60.8 to 61.5)   36.3 (36.0 to 36.6)
  **National Institute for Health and Clinical Excellence/British and Irish Hypertension Society**[@R10]                                                                                                                       
  Normal                                                                                                   87.9 (87.7 to 88.1)      69.2 (68.9 to 69.5)   80.6 (80.4 to 80.8)      78.6 (78.3 to 78.8)   57.2 (56.9 to 57.5)   70.2 (70.0 to 70.4)
  Stage 1 hypertension                                                                                     10.1 (9.9 to 10.3)       22.0 (21.7 to 22.2)   14.7 (14.6 to 14.9)      17.1 (16.9 to 17.3)   28.7 (28.5 to 29.0)   21.6 (21.5 to 21.8)
  Stage 2 hypertension                                                                                     1.9 (1.8 to 1.9)         7.7 (7.5 to 7.8)      4.1 (4.1 to 4.2)         3.9 (3.8 to 4.0)      12.0 (11.8 to 12.2)   7.1 (7.0 to 7.2)
  Severe hypertension                                                                                      0.2 (0.1 to 0.2)         1.2 (1.1 to 1.3)      0.6 (0.5 to 0.6)         0.5 (0.4 to 0.5)      2.0 (2.0 to 2.1)      1.1 (1.0 to 1.1)
  **Eighth Joint National Committee**[@R11]                                                                                                                                                                                    
  Normal                                                                                                   59.5 (59.2 to 59.8)      35.8 (35.5 to 36.2)   50.3 (50.0 to 50.5)      53.5 (53.2 to 53.8)   31.5 (31.2 to 31.8)   44.9 (44.7 to 45.2)
  Prehypertension                                                                                          33.1 (32.9 to 33.4)      42.1 (41.8 to 42.5)   36.7 (36.4 to 36.9)      36.3 (36.0 to 36.5)   42.1 (41.8 to 42.4)   38.6 (38.3 to 38.8)
  Stage 1 hypertension                                                                                     6.2 (6.1 to 6.3)         16.4 (16.2 to 16.6)   10.2 (10.1 to 10.3)      8.4 (8.3 to 8.5)      19.3 (19.0 to 19.5)   12.6 (12.5 to 12.8)
  Stage 2 hypertension                                                                                     1.1 (1.1 to 1.2)         5.6 (5.5 to 5.8)      2.9 (2.8 to 2.9)         1.8 (1.7 to 1.9)      7.1 (6.9 to 7.3)      3.9 (3.8 to 4.0)
  **International Society of Hypertension**[@R12]                                                                                                                                                                              
  Normal                                                                                                   59.5 (59.2 to 59.8)      35.8 (35.5 to 36.2)   50.3 (50.0 to 50.5)      53.5 (53.2 to 53.8)   31.5 (31.2 to 31.8)   44.9 (44.7 to 45.2)
  Prehypertension                                                                                          33.1 (32.9 to 33.4)      42.1 (41.8 to 42.5)   36.7 (36.4 to 36.9)      36.3 (36.0 to 36.5)   42.1 (41.8 to 42.4)   38.6 (38.3 to 38.8)
  Stage 1 hypertension                                                                                     6.2 (6.1 to 6.3)         16.4 (16.2 to 16.6)   10.2 (10.1 to 10.3)      8.4 (8.3 to 8.5)      19.3 (19.0 to 19.5)   12.6 (12.5 to 12.8)
  Stage 2 hypertension                                                                                     1.1 (1.1 to 1.2)         5.6 (5.5 to 5.8)      2.9 (2.8 to 2.9)         1.8 (1.7 to 1.9)      7.1 (6.9 to 7.3)      3.9 (3.8 to 4.0)

CI: confidence interval; Hg mercury.

^a^ Some columns do not add up to 100% because of rounding of individual percentages to a single decimal point.

^b^ Framingham risk score (risk of developing cardio vascular disease within 10 years) of ≥ 10% as well as systolic blood pressure ≥ 130 mm Hg or diastolic blood pressure ≥ 80 mm Hg.

###### Number of people categorized by blood pressure level, guidelines and readings, India, 2015--2016

  Blood pressure category by guideline                                                                     Population in millions (95% CI)                      Difference in millions                                                                              
  -------------------------------------------------------------------------------------------------------- --------------------------------- ------------------ ------------------------ -- ------------------ ------------------ ------------------ -- ----- ----- ------
  **European Society of Cardiology/European Society of Hypertension**[@R7]                                                                                                                                                                                          
  Optimal                                                                                                  256 (254 to 257)                  101 (100 to 102)   356 (354 to 357)            207 (205 to 208)   76 (76 to 77)      282 (280 to 284)      −49   −25   −73
  Normal                                                                                                   79 (78 to 80)                     60 (60 to 61)      139 (138 to 140)            89 (89 to 90)      55 (55 to 56)      145 (144 to 146)      11    −5    6
  High normal                                                                                              33 (32 to 33)                     39 (39 to 40)      72 (71 to 73)               52 (51 to 53)      48 (47 to 48)      100 (99 to 101)       19    8     27
  Grade 1 hypertension                                                                                     15 (15 to 16)                     27 (27 to 28)      43 (42 to 44)               28 (28 to 29)      39 (39 to 40)      68 (67 to 69)         13    12    25
  Grade 2 hypertension                                                                                     2 (2 to 3)                        8 (7 to 8)         10 (10 to 10)               5 (5 to 5)         12 (11 to 12)      16 (16 to 17)         2     4     6
  Grade 3 hypertension                                                                                     1 (1 to 1)                        3 (3 to 3)         3 (3 to 4)                  2 (1 to 2)         5 (5 to 5)         6 (6 to 7)            1     2     3
  Isolated systolic hypertension                                                                           2 (2 to 2)                        5 (5 to 5)         7 (7 to 7)                  5 (5 to 5)         8 (8 to 8)         13 (13 to 13)         3     3     6
  **Government of India**[@R8]                                                                                                                                                                                                                                      
  Optimal                                                                                                  285 (284 to 286)                  120 (119 to 120)   404 (402 to 406)            207 (205 to 208)   76 (76 to 77)      282 (280 to 284)      −79   −43   −122
  Normal                                                                                                   66 (65 to 67)                     58 (57 to 59)      124 (123 to 126)            89 (89 to 90)      55 (55 to 56)      145 (144 to 146)      23    −3    21
  High normal                                                                                              23 (22 to 23)                     32 (31 to 32)      55 (54 to 55)               52 (51 to 53)      48 (47 to 48)      100 (99 to 101)       29    16    45
  Grade 1 hypertension                                                                                     10 (10 to 11)                     21 (21 to 22)      32 (31 to 33)               28 (28 to 29)      39 (39 to 40)      68 (67 to 69)         18    18    36
  Grade 2 hypertension                                                                                     2 (1 to 2)                        6 (6 to 6)         7 (7 to 8)                  5 (5 to 5)         12 (11 to 12)      16 (16 to 17)         3     6     9
  Grade 3 hypertension                                                                                     0 (0 to 0)                        2 (2 to 2)         2 (2 to 3)                  2 (1 to 2)         5 (5 to 5)         6 (6 to 7)            1     3     4
  Isolated systolic hypertension                                                                           1 (1 to 1)                        4 (4 to 5)         6 (5 to 6)                  5 (5 to 5)         8 (8 to 8)         13 (13 to 13)         4     4     7
  **American College of Cardiology/American Heart Association**[@R9]                                                                                                                                                                                                
  Normal                                                                                                   245 (244 to 246)                  94 (93 to 95)      338 (337 to 340)            207 (205 to 208)   76 (76 to 77)      282 (280 to 284)      −38   −18   −56
  Elevated                                                                                                 25 (24 to 25)                     15 (14 to 15)      40 (39 to 40)               28 (27 to 28)      14 (14 to 15)      42 (41 to 43)         3     0     3
  Stage 1 hypertension                                                                                     95 (94 to 96)                     88 (87 to 89)      183 (182 to 185)            114 (113 to 115)   89 (88 to 89)      202 (201 to 204)      19    1     19
  Stage 2 hypertension                                                                                     22 (22 to 23)                     46 (46 to 47)      69 (68 to 70)               39 (39 to 40)      64 (63 to 65)      104 (103 to 105)      17    17    34
  Stage 1 with Framingham risk score of ≥ 10%^b^                                                           33 (32 to 33)                     132 (131 to 132)   191 (190 to 193)            42 (41 to 43)      149 (148 to 150)   229 (227 to 231)      9     17    37
  **National Institute for Health and Clinical Excellence/British and Irish Hypertension Society**[@R10]                                                                                                                                                            
  Normal                                                                                                   340 (340 to 341)                  168 (168 to 169)   508 (507 to 509)            304 (303 to 305)   139 (138 to 140)   443 (441 to 444)      −36   −29   −65
  Stage 1 hypertension                                                                                     39 (38 to 40)                     53 (53 to 54)      93 (92 to 94)               66 (65 to 67)      70 (69 to 71)      136 (135 to 138)      27    17    44
  Stage 2 hypertension                                                                                     7 (7 to 8)                        19 (18 to 19)      26 (26 to 27)               15 (15 to 15)      29 (29 to 30)      44 (44 to 45)         8     11    18
  Severe hypertension                                                                                      1 (1 to 1)                        3 (3 to 3)         4 (3 to 4)                  2 (2 to 2)         5 (5 to 5)         7 (7 to 7)            1     2     3
  **Eighth Joint National Committee**[@R11]                                                                                                                                                                                                                         
  Normal                                                                                                   231 (229 to 232)                  87 (86 to 88)      317 (315 to 319)            207 (206 to 209)   77 (76 to 77)      283 (282 to 285)      −23   −11   −34
  Prehypertension                                                                                          128 (127 to 129)                  102 (102 to 103)   231 (230 to 233)            141 (139 to 142)   102 (102 to 103)   243 (242 to 245)      12    0     12
  Stage 1 hypertension                                                                                     24 (24 to 25)                     40 (39 to 40)      64 (64 to 65)               33 (32 to 33)      47 (46 to 47)      80 (79 to 81)         8     7     15
  Stage 2 hypertension                                                                                     4 (4 to 5)                        14 (13 to 14)      18 (18 to 19)               7 (7 to 7)         17 (17 to 18)      24 (24 to 25)         3     4     6
  **International Society of Hypertension**[@R12]                                                                                                                                                                                                                   
  Normal                                                                                                   231 (229 to 232)                  87 (86 to 88)      317 (315 to 319)            207 (206 to 209)   77 (76 to 77)      283 (282 to 285)      −23   −11   −34
  Prehypertension                                                                                          128 (127 to 129)                  102 (102 to 103)   231 (230 to 233)            141 (139 to 142)   102 (102 to 103)   243 (242 to 245)      12    0     12
  Stage 1 hypertension                                                                                     24 (24 to 25)                     40 (39 to 40)      64 (64 to 65)               33 (32 to 33)      47 (46 to 47)      80 (79 to 81)         8     7     15
  Stage 2 hypertension                                                                                     4 (4 to 5)                        14 (13 to 14)      18 (18 to 19)               7 (7 to 7)         17 (17 to 18)      24 (24 to 25)         3     4     6

CI: confidence interval; Hg mercury.

^a^ The population in some combined age groups do not always equal the sum of the population in the two subgroups because of rounding to a single decimal point.

^b^ Framingham risk score (risk of developing cardio vascular disease within 10 years) of ≥ 10% as well as systolic blood pressure ≥ 130 mm Hg or diastolic blood pressure ≥ 80 mm Hg.

We also observe an increase in the weighted proportion of the population classified as having raised blood pressure when only a single blood pressure reading (i.e. the first reading taken) is considered, compared with measuring blood pressure from several readings as recommended by the guidelines ([Table 2](#T2){ref-type="table"}). If the proportion is based on first reading only, the guidelines published by the European Society of Cardiology/European Society for Hypertension and by the Government of India yield the same results. The increase in the proportion is higher in the younger compared with the older age group for all guidelines. Specifically, when we consider only the first reading for blood pressure categorization, the proportion of the population in the combined age group with raised blood pressure according to the Government of India guidelines increases by 8.9 percentage-points to 16.5% (95% CI: 16.5 to 16.7). According to the American College of Cardiology/American Heart Association guidelines, the proportion increases by 8.5 percentage-points to 48.6% (95% CI: 48.5 to 48.8) when only the first blood pressure reading is considered.

By neglecting to follow any guidelines precisely and by basing diagnosis on a single reading of blood pressure only, a total of 56 million would be erroneously categorized as hypertensive instead of normotensive following the American College of Cardiology/American Heart Association guidelines ([Table 3](#T3){ref-type="table"}). The largest increase in patients misdiagnosed with raised blood pressure from a single reading (65 million; [Table 3](#T3){ref-type="table"}) is observed for the National Institute for Health and Clinical Excellence/British and Irish Hypertension Society guidelines.

[Table 4](#T4){ref-type="table"} shows the national hypertension prevalence according to various guidelines. For the combined age group, following the American College of Cardiology/American Heart Association guidelines yields a hypertension prevalence (44.7%, 95% CI: 44.4 to 45.0) three times higher than that calculated according to the Government of India guidelines (15.8%, 95% CI: 15.5 to 16.0).

###### National hypertension prevalence by age group and guidelines, India, 2015--2016

  Guideline                                                                                             Weighted % (95% CI)                         Population in millions (95% CI)                                                                                                                                                                             
  ----------------------------------------------------------------------------------------------------- --------------------- --------------------- --------------------------------- -- --------------------- --------------------- --------------------- -- ------------------ ------------------ ------------------ -- ------------------ ------------------ ------------------
  European Society of Cardiology/ European Society of Hypertension[@R7]                                 12.2 (11.9 to 12.5)   26.8 (26.5 to 27.2)   17.9 (17.7 to 18.2)                  16.7 (16.4 to 16.9)   34.2 (33.8 to 34.5)   23.5 (23.2 to 23.8)      47 (46 to 48)      65 (64 to 66)      113 (111 to 115)      65 (63 to 66)      83 (82 to 84)      148 (146 to 150)
  Government of India[@R8]                                                                              10.6 (10.3 to 10.9)   23.8 (23.5 to 24.2)   15.8 (15.5 to 16.0)                  16.7 (16.4 to 16.9)   34.2 (33.8 to 34.5)   23.5 (23.2 to 23.8)      41 (40 to 42)      58 (57 to 59)      99 (98 to 101)        65 (63 to 66)      83 (82 to 84)      148 (146 to 150)
  American College of Cardiology/ American Heart Association[@R9]                                       35.2 (34.9 to 35.5)   59.6 (59.2 to 59.9)   44.7 (44.4 to 45.0)                  43.7 (43.4 to 44.0)   66.2 (65.9 to 66.5)   52.5 (52.2 to 52.8)      136 (135 to 138)   145 (144 to 146)   282 (280 to 284)      169 (168 to 171)   161 (160 to 162)   331 (329 to 333)
  National Institute for Health and Clinical Excellence/ British and Irish Hypertension Society[@R10]   18.4 (18.1 to 18.7)   38.0 (37.6 to 38.3)   26.0 (25.8 to 26.3)                  27.0 (26.7 to 27.3)   48.5 (48.2 to 48.9)   35.4 (35.2 to 35.7)      71 (70 to 72)      92 (91 to 93)      164 (162 to 166)      105 (104 to 106)   118 (117 to 119)   223 (222 to 225)
  Eighth Joint National Committee[@R11]                                                                 14.1 (13.8 to 14.4)   30.1 (30.0 to 30.9)   20.5 (20.2 to 20.8)                  16.7 (16.5 to 17.0)   34.3 (33.9 to 34.7)   23.6 (23.3 to 23.9)      55 (53 to 56)      73 (73 to 75)      129 (128 to 131)      65 (64 to 66)      83 (82 to 84)      149 (147 to 151)
  International Society of Hypertension[@R12]                                                           14.1 (13.8 to 14.4)   30.1 (30.0 to 30.9)   20.5 (20.2 to 20.8)                  16.7 (16.5 to 17.0)   34.3 (33.9 to 34.7)   23.6 (23.3 to 23.9)      55 (53 to 56)      73 (73 to 75)      129 (128 to 131)      65 (64 to 66)      83 (82 to 84)      149 (147 to 151)

CI: confidence interval.

^a^ The population in some combined age groups do not always equal the sum of the population in the two subgroups because of rounding to a single decimal point.

Discussion
==========

This study compares the difference in hypertension prevalence when using six hypertension management guidelines in India. Our findings, that prevalence of hypertension varies according to guidelines followed and according to the number of blood pressure readings taken, are in concordance with other studies.[@R6]^,^[@R30]^,^[@R31]

Another recent study[@R30] compared hypertension prevalence in India according to the Seventh Joint National Committee and the American College of Cardiology/American Heart Association guidelines. Their observation is in concordance with ours, that is, that hypertension prevalence more than doubles when calculated according to the American College of Cardiology/American Heart Association guidelines compared with Eight Joint National Committee guidelines.[@R30] The other study investigated hypertension prevalence in the age group 30 to 74 years and obtained a prevalence of 52.3% (95% CI; 51.9 to 52.8) according to the American College of Cardiology/American Heart Association guidelines,[@R30] similar to our observation of 44.7%. Our findings also show that 30.4% (95% CI: 30.1 to 30.6) of individuals 18 to 49 years of age with Stage 1 hypertension (according to American College of Cardiology/American Heart Association guidelines) have a 10-year risk of developing cardiovascular disease equal to or more than 10%; this figure was calculated as 40.3% for the age group 30 to 74 years in the recent study.[@R30] Our study is more versatile, however, with a comparison of six guidelines for hypertension prevalence using both single and repetitive measurements.

Our study had several limitations. We may have overestimated hypertension prevalence by our definition of hypertension being based on blood pressure measurements taken during one occasion; a clinical diagnosis of hypertension requires raised blood pressure on at least two different occasions.[@R32] The lower age of participants in this sample is also largely responsible for the lower hypertension prevalence observed here compared with the nationally representative study among an older sample.[@R18] Another limitation of our study is the lack of nationally representative data regarding use of hypertension guidelines by health-care providers in India. Finally, the questions asked in the Fourth National Family Health Survey did not allow us to investigate any connection between the prevalence of hypertension and lifestyle.

Our results show that the current use of several different guidelines in India results in inconsistent prevalence data, which could result in poor health outcomes. We therefore urge global bodies to discuss and propose a universal guideline, similar to the cut-off for body mass index, malnutrition and anaemia. In our opinion, the European Society of Hypertension guidelines are most suited for India; these guidelines have the same definitions of blood pressure categories as the Government of India guidelines, but diagnosis is made from the last two readings (out of three) instead of the lowest reading (out of two or three). This recommendation is supported by two different studies.[@R30]^,^[@R33]

To optimize current clinical practice in India, health-care providers need to follow universally agreed, evidence-based methods of diagnosing hypertension. The importance of multiple measurements and its impact on health management must be emphasized to health-care professionals. Once such guidelines have been agreed upon, their display at prominent locations within hospitals could help to improve the health literacy of the general population.
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